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Unidirectional transfer from the kinetic energy to the internal energy

Irreversible addition of heat.
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N~O( Re%4) in 3D

DNS (Direct numerical simulation)
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Fourier-spectral method

* Aliasing error 3/2 rule
. 3rd-order Runge-Kutta

Re,~ 87.0

Run1l k77 =4.0 (10243)
Run2 k77 =2.0 (5123
Run3 k__ 77 =1.0 (2569

1 Averaged Kolmogorov scale
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Schumacher and Sreenivasan (2003)
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Vortex sheet-tube transformation
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Visualization method
* Tube : red, 2"d-order invariant Q Spiral
* Sheet: white, [-(Sj&2+Sj2)]+ (Spiral vortex) Lundgren (1982)
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Spiral vortex




Genesis phase of LSV

Generation of recirculating flow by convergence of the stagnation flow.
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Interaction with the vortex
on the third sheets.
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Multi-mode stretched spiral vortex

3-dimensional rendering

Mode 1

By Kelvin-
Helmholz
instaility

Mode 1

Mode 2

Through
interaction of
several sheets

Topological classification with
regards to vorticity alignment along
the two sheets and the tube

Mode 2

(Lundgren 1982)

Mode 3
(Pullin & Lundgren 2003)

stretching spiral turns

Distribution of the D term

Differential rotation induced by the tube

and that self-induced by the sheet

-> stretching and spiralling of vortex sheets
Lundgren 1982)

A measure for the strength of the
differential rotation
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Stretching and thinning of the spiral
sheet to extreme length.

- intense turbulent energy cascade
and dissipation
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E(k, t) = c(t) kn® g-2d®k

(Passot et al. 1995)
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Spiral vortex  spiral turns

Run 2 (K., 7 =2.0)

Run 1 (kmaxﬁ :4.0)
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Spiral vortex

Run4: Run 1 att=1.75 , v=0.00138 - 0.00024
Run 1 (Re, ~ 77.2) Run 4 (Re, ~ 122.5)
23‘ ! 2.83—
2.73— 2.?3—
2.5; 5 2.53—
2.52— 2.52—
L T [
241 241
e E
23 [ 23F .
72 ____._/; 2_2_; .
2.1 [ 2.13— ﬂ -
06 07 08 09 1 I'll.'ll _IDIB 07 I IDI.BI - DIEI 1I 1I1
X X

At high Re, the stretched sheets are thinner, and spiral has more turns.
Instability of sheets  Creation of extra LSVs along the stretched sheets.

Spiral vortex

Vortex-stretching term Run 4 (Re, ~ 122.5)
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At high Re, the stretched sheets are thinner, and spiral has more turns.

-> Instability of sheets - Creation of extra LSVs along the stretched sheets.




Conventional scenario for cascade
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Instability cascade along spiral sheets
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Secondary instability

Tertiary instabilitys
Primary instability
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CPU : 32 + 32 (2node)
378GB 380GB
: 100step 15500 [sec] 4 30
8.6 GB 34.4 GB
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378GB 380GB
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20483

20483 10243 8
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+ Postprocessing
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